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This test has been widely used to assess the balance of patients with various neuromuscular diseases namely encephalic vascular accidents, Parkinson's disease, medullar injuries, vestibular disorders, multiple sclerosis, and hip fracture. [9] [10] [11] [12] [13] [14] [15] The main advantage of this test is that it takes 1-2 min to administer, easy to perform, requires minimal equipment, and has also been shown to predict fall risk and thus, need for therapy. [10, 16] It is also sensitive to change following balance training and is widely used for screening, assessing, and monitoring over time. It even predicts the functional status of adults and elderly individuals. [8, 17] Functional reach is a simple and easy-to-use clinical measure that has predictive validity in identifying recurrent falls [18] and correlates with physical frailty even more than with age. [19] Duncan et al. in 1990, observed that there are several factors which affect the functional reach distance such as age and height. [2] FRT has also been associated with an increased risk of fall and frailty in elderly people who are unable to reach more than 15 cm [8] and is believed to correlates with physical frailty even more than with the age of an individual. [8] Till date, there is no literature available on large population regarding the norms of FRT in healthy adults especially in India, and therefore, it is necessary to have a reference value which can be used for comparison in a variety of health-care settings and in the community to identify the individuals with significant fall risks. Therefore, the present study was undertaken to establish the reference value of FRT in healthy adults of Gujarat, India, and to identify the influence of anthropometric measures on the test results.
MatErials and MEthods
Study design: It was a cross-sectional, observational, community-based study.
The ethical approval (HMPCMCE/HREC/UG/PG/9/ Session-1/6) was obtained from the Intuitional Ethics Committee before initiating a trial.
A total of 521 normal healthy individuals were recruited by convenience sampling based on inclusion and exclusion criteria. 
Inclusion criteria

Exclusion criteria
• History of any upper or lower extremity injury/surgery • Individuals with any neuromuscular, musculoskeletal, respiratory, or cardiovascular problems • Individuals with any psychiatric illness or difficulty in understanding.
Materials required were wall-mounted measure tape, height scale, and weighing machine.
After explaining the study procedure and objectives, written informed consent was obtained from all participants. The general information was collected from each participant, including name, age, gender, height, weight, etc.
Description of functional reach test
The test used a leveled measure tape, mounted on the wall and positioned at the height of the individual's acromion process. The individual stood sideward next to the wall without touching, erect with their feet at shoulder-width apart and one arm elevated to 90° of shoulder flexion with elbow straight and handed fisted. The individual placed his/her closed fist against the wall-mounted measure tape. The initial measurement was made of the position of third metacarpal along the measure tape. After taking the initial measurement, the individuals were instructed to lean forward and slide the fist against the measure tape without losing their balance or moving their feet.
A second measurement was also taken using third metacarpal for reference. The difference in the centimeters between the two positions of fist on the measure tape was considered as the functional reach. Three readings were obtained of each individual and average reading was considered for the statistical analysis.
rEsults
Data analysis was carried out by calculating the mean, standard deviation, t-test, and Pearson's correlation coefficient (r) with 95% confidence interval (α = 0.05). A total of 521 normal healthy individuals were evaluated for FRT [ Table 1 ].
The mean value of FRT was found to be 34.18 (±3.79) cm among the whole population (n = 521). Table 2 shows the values of FRT in different age groups and gender.
The FRT value was found to be significantly more in males compared to females (P = 0.01). The Pearson's correlation coefficient was calculated to explore the relationship between the FRT value and its determinants, namely age, height, weight, and body mass index (BMI). Significant correlation of FRT was found with age, weight, and BMI. This suggests that as the age, weight and BMI increase, the FRT value decreases significantly in healthy individuals [ Table 3 ].
discussion
The FRT distance is the greatest distance one can reach forward, maintaining a fixed base of support in the standing position. [20] Duncan et al. found functional reach highly reproducible and thus is highly recommended for patients with balance problems. [2] Functional reach is a reliable clinical measure in an elderly population demonstrating moderate to high inter-rater and intra-rater reliability. [17] The present study was aimed to evaluate the functional reach distance in normal healthy individuals within 40-70 years of age group and establish its reference value for comparison in a variety of clinical settings and community.
The individuals in the present study had an average of 34.18 ± 3.79 cm distance on FRT with males having significantly more distance compared to females (P < 0.05).
While comparing all three age groups for functional reach, the individual between the age group of 40 and 50 years had the greatest distance covered on functional reach whereas the lowest distance was found in the age group of 61-70 years.
The age was also found to be significantly correlated (negative correlation) with functional reach. The balance function deteriorates as the age of individual increases, which may be due to slow reaction time, reduction in nerve conduction velocities and decrease in sensory-motor and proprioceptive response. [21] Proprioceptive input is considered to be an important factor for maintenance of balance. Advancing age causes decline in proprioceptive response at both central and peripheral levels. The peripheral level includes anatomical and physiological age-related changes in muscle spindle resulting in muscle spindle decline. Along with this, advancing age contributes to decline in processing of sensory input (myelin abnormalities, axonal atrophy, and declined nerve conduction velocity) and neuromuscular functions. The central somatosensory pathways conductive function is also affected by normal aging, progressively affecting the number and function of neurons and receptors in motor cortex leading to reduction in motor and sensory functions. [22] Age-related functional declines in sensory system, muscle strength (force-generating capacity of a muscle) and the sensory systems, in addition to many other problems namely slow reaction time, vestibular function, and vision occur with aging and are believed to collectively contribute to the increased likelihood of falling. [23, 24] All these changes affect the reaching capabilities of a person ultimately leading to significant reduction in functional reach with increase in age. The deterioration in balance starts relatively at younger ages and further declines after 60 years. [25] The present study also found a significant negative correlation of functional reach with weight and BMI. The balance and stability are strongly correlated with body weight and so with BMI; and it is considered to be an important risk factor for fall. It has also been found that reduction in body weight improves functional reach in obese person and the extent of improvement directly relates to the amount of weight loss. [26] Duncan et al. found the significant influence of height on functional reach; [2] however, the present study did not find a significant correlation of height with functional reach.
conclusion
FRT can be easily assessed for patients/individuals in community without having great resources; thus, is beneficial for assessing the balance function and can be used as a fall predictor. The reference value for functional reach among the healthy individuals of Gujarat, India was found to be 34.18 ± 3.79 cm, with males having more functional reach distance compared to females. The study also found that age, weight, and BMI significantly affect the functional reach. This reference value should be limited to a specific population due to its variability with regards to age, gender, anthropometric measures, geographical variations, and health status among the individuals. 
